Speciation is promoted when traits under divergent selection also contribute to non-random mating. For example, divergent selection on bill morphology in birds can influence song because of the role of bills in song production (ecomorphological constraints). Since song is used by females to find appropriate mates, divergent selection on bills through its impact on song can promote non-random mating. However, because song in songbirds is learned, divergence in song between populations could be the result of cultural influences (cultural evolution). In this study, we use an experimental approach to address the relative influence of ecomorphological constraints and culture on song divergence in swamp sparrow subspecies (Melospiza georgiana). As with other songbirds, swamp sparrows are subject to cultural influences that may explain differences in song between subspecies (cultural evolution). However, ecological conditions promote larger bill size in the coastal subspecies of swamp sparrows rendering males unable to perform the broad-band, rapid songs that inland females prefer potentially contributing to non-random mating between subspecies. To determine the impact of ecomorphological constraints on song learning, we trained hand-raised swamp sparrows from divergent populations with an identical set of tutor songs from a foreign inland population. Males from both populations learned species typical songs. We found that inland males produced learned songs with better vocal performance than coastal males suggesting that observed differences in specific features of song are influenced more by morphological constraints than cultural drift. Further, we found that inland males reproduced tutor songs more accurately than coastal males suggesting that coastal males tried but were less able to accurately reproduce physically challenging songs. These results support the current model for how motor constraints influence song production and may demonstrate a mechanism by which natural selection can influence signal evolution and population divergence through divergent selection on bills.
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Introduction
Understanding the mechanisms that lead to speciation can provide insight into the evolutionary processes that explain biodiversity (Darwin, 1859; Mayr, 1942; Dobzhansky, 1951; Orr & Smith, 1998; Coyne & Orr, 2004) . Adaptation to local conditions of geographically isolated populations can lead to rapid speciation when features that effect female mating preferences also diverge (Mayr, 1963; van Doorn et al., 2009) . Recently, understanding how ecologically based divergence influences traits associated with female mating preferences and hence speciation has received renewed attention (Schluter, 2001; Servedio et al., 2011) . Song in Oscine passerine birds (songbirds) has been a particularly instructive character in understanding the nexus of ecological and sexual selection in shaping prezygotic isolating mechanisms (Catchpole & Slater, 2008) . In this study we investigate whether ecologically-based divergence in bill morphology between populations of swamp sparrows (Melospiza georgiana) contributes to song divergence.
Two processes, cultural evolution and ecomorphological constraints, have been suggested as mechanisms for producing geographic variation in song types between isolated populations that may contribute to speciation. In songbirds, cultural evolution may produce macrogeographic variation in song within species as a result of random errors propagating during the song learning process that may be maintained by cultural stability within region (Lemon, 1975; Baptista, 1996; Marler, 2004) . The role of cultural processes in generating geographic variation in song is documented with voluminous studies (see Catchpole & Slater, 2008 for review), but the degree to which learning contributes to speciation remains unclear (Slabbekoorn & Smith, 2002; Verzijden et al., 2013) . Ecomorphological constraints stemming from ecologically based selection on bill morphology may contribute to variation in song between populations by influencing the ability to perform physically challenging songs (Podos & Nowicki, 2004) . Ecomorphological constraints can promote speciation because divergent selection on bills can also have pleiotropic effects on song, a trait associated with non-random mating ('magic trait') (Servedio et al., 2011) . Although there is a growing body of evidence to support the hypothesis that ecological selection on songbird bills may affect singing performance (Podos & Nowicki, 2004; Ballentine, 2006) , no direct experimental evidence demonstrates that song performance ability diverges between populations that are possibly in the process of undergoing ecological speciation.
